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(57) ABSTRACT

A method and apparatus for transmitting in a communication/
broadcasting system is provided. The method includes deter-
mining to use an additional parity technique, generating an
Nth parity check matrix, where N is an integer, performing
Low Density Parity Check (LDPC) encoding using the Nth
parity-check matrix, modulating a codeword corresponding
to the Nth parity-check matrix, and transmitting the modu-
lated codeword.

14 Claims, 8 Drawing Sheets
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1
METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING IN A
COMMUNICATION/BROADCASTING
SYSTEM

PRIORITY

This application claims priority under 35 U.S.C. §119(a)to
Korean Patent Application Serial No. 10-2011-0018740,
which was filed in the Korean Intellectual Property Office on
Mar. 3, 2011, the entire disclosure of which is hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a communica-
tion/broadcasting system that utilizes a linear code based on a
parity-check matrix, and more particularly, to a method and
apparatus for efficiently generating additional parity for per-
formance optimization in a communication/broadcasting
system.

2. Description of the Related Art

A communication/broadcasting system performs channel
coding in order to correct an error occurring in a channel.
Although there are a number of different channel coding
methods, these methods can be basically divided into meth-
ods using a block code, a convolutional code, and a concat-
enation code, which concatenates a block code and a convo-
lutional code.

The block code was developed based on an error correction
theory and includes a simple linear cyclic code, a Bose,
Chaudhuri, Hocquenghem (BCH) code, a Reed-Solomon
(RS) code, etc.

For the convolutional code, there is a traditional convolu-
tional code and a turbo code that is a modification of the
traditional convolutional code. However, there is also a turbo
code that is a modification of the traditional block code.
Therefore, to distinguish between these two codes, the turbo
code based on the convolutional code is called a Convolu-
tional Turbo Code (CTC), and the turbo code based on the
block code is called a Block Turbo Code (BTC).

Further, there is a Low Density Parity Check (LDPC) code.

Among these codes, the turbo code and the LDPC code,
which are also called repetition codes, are Error Correction
Codes (ECC) providing possible error correction closely
approaching Shannon’s channel capacity limit.

Presently, the LDPC code approaching Shannon’s channel
capacity limit has been presented in a broadcasting/commu-
nication system.

However, next-generation communication/broadcasting
systems will require the use of a transmission method capable
of'maximizing a capacity of an entire system and also meeting
demands of various users. Consequently, the use of codes
having various code rates and codeword lengths will be
required.

Accordingly, a need exists for a method and apparatus for
efficiently supporting multiple code rates or multiple code-
words in a communication/broadcasting system.

SUMMARY OF THE INVENTION

An aspect of the present invention is to substantially solve
at least the above-described problems and/or disadvantages
and to provide at least the advantages below.
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2

Accordingly, an aspect of the present invention is to pro-
vide a method and apparatus for transmitting and receiving in
a communication/broadcasting system.

Another aspect of the present invention is to provide an
efficient channel encoding/decoding method and apparatus
that support various code rates and various codeword lengths
in a communication/broadcasting system.

In accordance with an aspect of the present invention, a
transmission method of a transmitter in a communication and
broadcasting system is provided. The method includes deter-
mining to use an additional parity technique, generating an
Nth parity check matrix, where N is an integer, performing
Low Density Parity Check (LDPC) encoding using the Nth
parity-check matrix, modulating a codeword corresponding
to the Nth parity-check matrix, and transmitting the modu-
lated codeword.

In accordance with another aspect of the present invention,
a reception method of a receiver in a communication and
broadcasting system is provided. The method includes
receiving a codeword, performing Low Density Parity Check
(LDPC) decoding for the codeword using an Nth parity-check
matrix, where N is an integer, detecting an error in the LDPC
decoding, and performing LDPC decoding for the codeword
using an (N+1)th parity-check matrix.

In accordance with another aspect of the present invention,
an apparatus of a transmitter in a communication and broad-
casting system is provided. The apparatus includes a control-
ler for determining to use an additional parity technique; a
parity-check matrix provider for providing an Nth parity
check matrix, where N is an integer; a Low Density Parity
Check (LDPC) encoder for performing LDPC encoding
using the Nth parity-check matrix; and a transmitter for
modulating a codeword corresponding to the Nth parity-
check matrix, and transmitting the modulated codeword.

In accordance with another aspect of the present invention,
an apparatus of a receiver in a communication and broadcast-
ing system is provided. The apparatus includes a receiving
unit for receiving a codeword; a parity-check matrix provider
for providing a 2nd parity-check matrix that is an extension of
a 1st parity-check matrix using additional parity bits, when
there is an LDPC decoding error for the codeword; and a Low
Density Parity Check (LDPC) decoder for performing LDPC
decoding for the codeword using the 1st parity-check matrix
or performing LDPC decoding for the codeword using the
2nd parity-check matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG. 1 illustrates a parity-check matrix according to an
embodiment of the present invention;

FIG. 2 illustrates a parity-check matrix of N,=30, K =15,
M, =5, q,=1 according to an embodiment of the present inven-
tion;

FIG. 3 illustrates a parity-check matrix having a 1st
weight-1 sequence of N, =32, K,=12, M,=4, q,=5 according
to an embodiment of the present invention;

FIG. 4 illustrates an extended parity-check matrix accord-
ing to an embodiment of the present invention;

FIG. 5 is a flowchart illustrating a channel encoding
method in a communication/broadcasting system using an
LDPC code according to an embodiment of the present inven-
tion;
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FIG. 6 is a flowchart illustrating a channel decoding
method in a communication/broadcasting system using an
LDPC code according to an embodiment of the present inven-
tion;

FIG. 7 illustrates a transmitter according to an embodiment
of the present invention; and

FIG. 8 illustrates a receiver according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Various embodiments of the present invention will be
described herein below with reference to the accompanying
drawings. In the following description, well-known functions
or constructions are not described in detail to avoid obscuring
the invention in unnecessary detail. Further, terms described
below, which are defined considering functions in the present
invention, can be different depending on user and operator
intention or practice. Therefore, the terms should be defined
on the basis of the disclosure throughout this specification.

Generally, if the flexibility of a code is high, the code can
facilitate an Adaptive Modulation and Coding (AMC) tech-
nique or a Hybrid Automatic Retransmission reQuest
(HARQ) technique, and support various code rates and code-
word lengths using one COder and DECoder (CODEC),
reducing hardware complexity.

In a parity-check matrix “H’ or a generation matrix ‘G’ of'a
parity-check code, when an information word of a length ‘K’
i.e., composed of ‘K’ bits, is ‘m=(m,,m,, . . . ,mg,)’, the
information word satisfies the relationship in m-G=c, H-¢’=0.
Here, ‘¢’ denotes a codeword acquired from the message ‘m’.

Also, when a codeword of a given linear code is a system-
atic code, the codeword ‘c’ is expressed as ‘c=(m,p)’. Here,
‘p’ denotes parity.

Generally, assuming that a message length (i.e., an infor-
mation word length) is ‘K’ and a codeword length is ‘N’, a
parity length is ‘(N-K)’ and, for full rank, the size of the
parity-check matrix ‘H’ is ‘(N-K)xN’.

As an example of a systematic code, parity-check matrix
‘H’ as shown Equation (1) below is provided.

] M

Here, a codeword (c) corresponding to the parity-check
matrix ‘H’ is constructed as ‘c=(m,p)’ from an information
word ‘m=(m,,m, ,m,,m;)’ composed of four information bits
and parity ‘p=(p,, Py, )’ composed of three parity bits. The
codeword (c) is defined in Equation (2) below.

—_ = =
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By arranging Equation (2) as shown in Equation (3) below,
each row of the parity-check matrix ‘H’ represents one alge-
braic relational equation. Each relational equation is called a
parity-check equation.
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mo+my +my+ po

mo+my +ms+ p;

i

An element not being ‘0’ in the parity-check matrix is
called a weight. In a parity-check code, as the number of
weights increases, encoding and decoding complexity
increases. That is, in the entire parity-check matrix, as a
weight rate decreases, the complexity decreases. Generally, a
parity-check code having a very low weight rate is an LDPC
code and, in most cases, the LDPC code has a characteristic in
which, as a codeword length increases, a weight density
decreases.

The parity-check code can be defined differently according
to the requirements of a communication and broadcasting
system.

FIG. 1 illustrates an example of a parity-check matrix
according to an embodiment of the present invention.

Referring to FIG. 1, ‘N;” and ‘K,” denote a codeword
length of a parity-check code and an information word length,
respectively, and ‘(N,-K,)’ denotes a parity length. In the
parity-check matrix, a partial matrix associated with parity,
i.e., a structure of K, th column to (N,-1) th column is of a
dual-diagonal form.

Accordingly, the number of weights of columns corre-
sponding to the partial matrix associated with the parity is “2°,
except for the last column, which is ‘1°.

A partial matrix associated with an information word, i.e.,
aOthcolumn to a (K, -1) th column, includes columns that are
grouped in units of ‘M’ columns. Here, ‘M’ is a parameter
of the parity-check matrix of FIG. 1, and ‘M,’ can change a
value according to a given communication/broadcasting sys-
tem.

In the partial matrix associated with the information word,
if a position of a row in which a weight exists in a Oth column
within each column group is determined, a position of a row
in which a weight exists at in ith column within each column
group is cyclically shifted as much as ‘i-q; mod(N,-K, )’ from
the position of the row in which the weight exists in the Oth
column within each column group. Here, the ‘q,’ is an integer,
and is set to meet ‘q;=(N,-K,)/M,".

For example, a parity-check matrix as illustrated in FI1G. 1,
having N,=30, K,=15, M,=5, q,=1 and expressing position
information of a row having a weight-1 for each of Oth col-
umns of three column groups as in Table 1 below, is illustrated
in FIG. 2.

mo+mp +m3+ p2

TABLE 1
0 1 2
0 11 13
0 10 14

Here, the sequence is called a weight-1 position sequence
for convenience. A jth sequence (j=0, 1, . .., (K,/M,;-1))in
the weight-1 position sequence is a sequential expression of
position information of a row in which a weight-1 is posi-
tioned at a Oth column within a jth column group in the
weight-1 position sequence.

FIG. 2 illustrates a parity-check matrix of N,=30, K,=15,
M, =5, q;=1 according to an embodiment of the present inven-
tion.

Referring to FIG. 2, in the first column group composed of
a Oth column to a 4th column, weight-1s are positioned in the
Oth column, which corresponds to the first column within the
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first column group, in rows 0, 1, and 2. Further, weight-1s are
positioned in the 1st column, which corresponds to the second
column within the first column group, in rows 3, 4, and 5,
where 3 (=(0+q;)mod(N,-K,)), 4 (=(1+q;)mod(N,-K,)).
and 5 (=(2+q;)mod(N,-K,)). Additionally, weight-1s are
positioned in the 3rd column, which corresponds to the fourth
column within the first column group, in rows 9, 10, and 11,
where 9 (=(0+3xq,)mod(N,-K,)), 10 (=(14+3xq, ) mod(N, -
K,), and 11 (=(2+3xq; )mod(N,-K)).

In the second column group, i.e., the 5th column to the 9th
column, weight-1s are positioned at the 5th column, which
corresponds to the first column within the second column
group, in rows 0, 11, and 13. Weight-1s are positioned in the
6th column, which corresponds to the second column within
the second column group, in rows 1, 3, and 14, where
1 (=(13+q,)mod(N,-K,)), 3 (=(0+q,)mod(N,-K,)), and
14 (=(11+q, )mod(N,-K,)). Weight-1s are positioned in the
9th column, which corresponds to the fifth column within the
second column group, in rows 8, 10, and 12, where 8 (=(11+
4xq,)mod(N,-K)), 10 (=(13+4xq, ) mod(N,-K,)), and 12(=
(0+4xq,)mod(N,-K,)).

Likewise, this feature can be easily identified in the other
column groups.

The parity-check matrix of FIG. 1 can be uniquely defined
by N,, K, and M, values and weight-1 position sequences.
Therefore, for convenience, the parity-check matrix illus-
trated in FIG. 1 is simply expressed by N,, K;, and M,
weight-1 position sequences corresponding to the parity-
check matrix.

Assuming that a codeword of the parity-check code asso-
ciated with the parity-check matrix ‘H’ of Equation (1) is
expressed as ‘c=(m,,m,,m,,m;,po,p;.p,)° and the ‘¢’ is trans-
mitted to a receiving end in a communication/broadcasting
system using the parity-check code, the receiving end may
fail to decode an information word ‘m’ from a received signal.
Inthis case, a transmit end transmits additional parity, and the
receive end receives the additional parity, performs combina-
tion with the code, and again performs decoding to restore the
information word ‘m’.

In accordance with an embodiment of the present inven-
tion, amethod is provided for identifying hidden intermediate
variables from a given parity-check matrix and a previously
transmitted codeword, and then utilizing the intermediate
values as additional parity in a communication/broadcasting
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(1), (1), and (iii), as expressed in Equation (4) below, are
provided.

Mo+m +m5+po=0(1)
mo+m +mz+p=0(ii)
Mo+mo+mz+p,=0(iil) 4

In Equation (4), Equation () is equivalent to ‘my+p,=m, +
m,’, Equation (ii) is equivalent to ‘m,+m;=m,+p,’. There-
fore, Equations (i) and (ii) can be expressed as shown in
Equation (5) below, introducing intermediate variables (y,,
Y1)

®

Yo = Mo + po
Yo =mo+po=my +np =0 Yo =my +n
y1=mg+mz=m+p =0 Y1 =mg +ms

Yy=m+p;

50

55

60

o

5

6
Equation (6) below provides Equations (4) and (5)
expressed as parity-check equations regarding each of the
intermediate variables (y,, y,) as a parity bit.

mo + po+ Yo (6)
my+mp +yo
mp+pr+y =

mo+m3 +y;

o O O © O

mo+mp +ms + pp

In Equation (6) above, there is no change of values of ‘m,,
m,, m,, My, P, P1> P>’ despite the introduction of the inter-
mediate variables (y,, y,). Also, Equation (6) can be
expressed in a form of a multiplication of a matrix as shown
in Equation (7) below.

M

(=
1}
==
o O = = O
- 0 © - ©
= ==)
e R R
o o - o o
- o © o ©
o O O = -
=S =)
S
1}
F
m('}

In Equation (7), ‘cz’ represents a codeword composed of
‘c’and ‘y,, y, . Here, a parity-check matrix for the codeword
‘cz’1s ‘Hy . That is, it is the same as generating an extended
codeword ‘c=(c, yo, y;)’ in which parity (y,, y,) are addi-
tionally added to the firstly given codeword ‘c’.

Here, in the relationship between the ‘H’ of Equation (1)
and the ‘“H.’ of Equation (7), the first row of the ‘H’ is
determined by combining the first and second rows of the
‘Hz’, and the second row of the ‘H’ is determined by com-
bining the third and fourth rows of the ‘H’.

Ifrows of the parity-check matrix ‘H,’ determined through
the introduction of the intermediate variables as above are
suitably added to each other, the firstly given parity-check
matrix ‘“H’ can be determined as desired.

When a communication/broadcasting system uses a parity-
check code for encoding/decoding, and suitable intermediate
variables are introduced into a parity-check matrix of the
parity-check code as in Equations (4) and (5) above, the
communication/broadcasting system can determine an
extended parity-check matrix like ‘Hz’ in Equation (7) and
the introduced intermediate variables can be regarded as
newly generated parity bits. Accordingly, when the commu-
nication/broadcasting system requires transmission of addi-
tional parity, the communication/broadcasting system can
transmit values corresponding to the intermediate variables
and perform efficient encoding/decoding.

Commonly, when a communication/broadcasting system
uses additional parity, the communication/broadcasting sys-
tem cannot determine an additional coding gain until gener-
ating new additional parity different from previously gener-
ated parity, rather than simply repeatedly transmitting parity.
However, in accordance with an embodiment of the present
invention, the communication/broadcasting system can
achieve additional coding gain by generating the additional
parity using Equations (4) and (5), as described above.



US 9,054,741 B2

7

Generally, when a communication/broadcasting system
separates each of ‘A’ parity-check equations into two parity-
check equations and determines ‘2A’ parity-check equations
in a parity-check matrix, the communication/broadcasting
system can draw ‘A’ intermediate variables.

For example, as shown in Equations (4), (5), and (7), when
the communication/broadcasting system separates each of
two parity-check equations matching with two rows into two
parity-check equations in a given parity-check matrix, the
total two intermediate variables are drawn.

Additionally, each time one parity-check equation is sepa-
rated into ‘B’ parity-check equations, the communication/
broadcasting system can draw ‘(B-1)’ intermediate variables.

Generally, when each of ‘A’ parity-check equations is sepa-
rated into ‘B’ parity-check equations and ‘A-B’ parity-check
equations are determined, the communication/broadcasting
system can draw a total of ‘A-(B-1)’ intermediate variables.

Although an embodiment of the present invention wherein
a parity-check equation is separated into two parity-check
equations, i.e., where ‘B=2", the value of ‘B’ is not limited
thereto. That is, the parity-check equation may be separated
into a different number of parity-check equations.

In accordance with an embodiment of the present inven-
tion, a method is provided, which uses additional parity
through a hidden intermediate variable determined using
Equations (4) and (5) according to a specific rule in a parity-
check matrix as illustrated in FIG. 1 for an LDPC code having
the parity-check matrix of FIG. 1. Further, an efficient encod-
ing method for the LDPC code is provided.

First, an example of an encoding method for an LDPC code
having the parity-check matrix of FIG. 1 is provided. Here,
the parity-check matrix is ‘H,’, a partial matrix associated
with an information word part is ‘H, ;, and a partial matrix
associated with parity is ‘H, . Thatis, H,=[H, ;H, ,]. Also,
a codeword ‘c,’ is given as ‘c,=(m, p,)’ using a message ‘m’
and parity ‘p,’.

The codeword “c,” should meet ‘H,-c,”=0" and therefore,
can be arranged as shown in Equation (8) below.

®

R

0=[Hi,; Hipl [ } = Hym' = Hl,PET

s

Accordingly, the encoding process of the LDPC code is the
same as generating the parity ‘p,” of Equation (8).
As an example of this encoding process, a method for
generating the parity ‘p,” associated with the parity-check
matrix ‘H,” of FIG. 1 is as follows.
Example of Encoding Method
Step 1) Initializing to get p,=(p; 0.P1,15 - - -
(pl,Ospl,ls cee Spl,(Nl—Kl—l)ZO

Step 2) Storing to get p 1:H1,ZmT

Step 3) Sequentially taking p,,~p, Pp, ., for
i=1,2,..., (N,-K,-1). Here, the ‘@’ is an eXclusive
OR(XOR) operation.

A method for determining an extended parity-check matrix
by introducing suitable intermediate variables as in Equations
(4) and (5) for the parity-check matrix ‘H,” is defined as
follows. Here, a first given parity-check matrix is called a 1st
parity-check matrix, and its corresponding weight-1 position
sequence is called a 1st weight-1 position sequence.

Method for Determining Extended Parity-Check Matrix

Aposition (ag, ay, 8, - . ., ag,, ;) of arow corresponding to
a parity-check equation to be separated in a parity-check

spl,(Nl-Kl-l)ZO
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matrix corresponding to a 1st weight-1 sequence is deter-
mined, where each a;, value satisfies the relationship of
Osag=a;=<...=ap ,<q;.

Fori=0,1,...,(Fz-1),7=0,1,...,(M,-1), all parity check
equations corresponding to a a,, . th row are separated by
applying hidden intermediate variables determined using
Equations (4) and (5).

The parity-check matrix determined through parity check
Equation (ii) above is called a 2nd parity check matrix, and its
corresponding weight-1 position sequence is called a 2nd
weight-1 position sequence.

FIG. 3 illustrates a parity-check matrix having a 1st
weight-1 sequence of N, =32, K,=12, M,=4, q,=5 according
to an embodiment of the present invention.

Referring to FIG. 3, a parity-check matrix ‘H,” being
N,;=32, K,=12, M;=4, q,=5 and having a 1st weight-1
sequence shown in Table 2 is provided.

TABLE 2
0 8 12 18
1 4 14
0 11 17

Assuming that F =2 and a,=3, a,=4 are previously deter-
mined, a parity-check matrix as illustrated in FIG. 4 can be
determined.

FIG. 4 illustrates an extended parity-check matrix accord-
ing to an embodiment of the present invention.

Referring to FIG. 4, the extended parity-check matrix of
FIG. 4 can be determined by separating parity check equa-
tions corresponding to a (3+51)th row and a (4+51)th row for
i=0, 1, 2, 3 from the parity-check matrix illustrated in FIG. 3.

A 2nd weight-1 position sequence is given in Table 3
below.

TABLE 3
0 10 16 25
1 5 20
0 15 23

Assuming parity ‘p=(po, Py, - - - s P1o) corresponding to the
Ist parity-check matrix ‘H,” of FIG. 3 and parity p=(pz,0,
Pz1s - - - » Po7) corresponding to the 2nd parity-check matrix
‘Hz” of FIG. 4, the following relationship is established.

Regarding =0, 1, 2, 3, Dy Posss DPrasm—
Piisis PE, 24707 P245is PE (447 P345i PE,(647) Pass; A€ estab-
lished, and py 5,7, and pz s,;, are newly generated parity.
Here, the number of newly generated parity bits is equal to 8
bits from ‘2x4(=F ;zxM,=N.)’.

Here, it is assumed that there is a need to transmit addi-
tional parity bits of the 8 bits, after applying the Example of
Encoding Method based on the 1st parity-check matrix illus-
trated in FIG. 3, generating a codeword, and transmitting the
codeword to a receiver.

To generate the 8 additional parity bits, a codeword is
generated by applying the Example of Encoding Method
based on the 2nd parity-check matrix illustrated in FIG. 4.

Thereafter, if only the newly generated parity bits not cor-
responding to the codeword generated based on the 1st parity-
check matrix are selectively transmitted, that is, if only the
newly generated parity are transmitted, the receiver can per-
form decoding using the codeword generated based on the 1st
parity-check matrix and the 8 additional parity bits.

However, because simply twice performing the Example
of Encoding Method generates many unnecessary redundant
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parity bits, resources are wasted and an encoding delay
occurs. This phenomenon increases as a code rate of an LDPC
code is lowered and as the number of parity bits to addition-
ally generate increases.

Accordingly, the following modified encoding method is
provided.

Here, a 1st parity-check matrix is given as H,=[H, ;H, ],
and key parameters of a code are given as a codeword length
‘N,’, an information word length ‘K,’, a column group unit
‘M,’, ‘q,=(N,-K,M,’. A 2nd parity-check matrix deter-
minable from the 1st parity-check matrix by applying the
Method for Determining Extended Parity-Check Matrix is
given as Hz=[H ;Hy |, and key parameters of each code are
given as ‘N =(N,+N)’, an information word length ‘K,’, a
column group unit ‘M, ’, and ‘q,=Nz-K,)/M,".

Here, the ‘N,;’ indicates the number of parity bits to be
newly added and, to guarantee that the ‘q;’ is an integer,
‘N/M,=F,’ (however, F,5=q,) is set to be an integer. Also,
each codeword is expressed as c¢,=(m, p,)=(m, p,,,
Pri -+ s Provixg-n)s and e=(m, p)=(m, prg, Prs - - -
pE,(Nl-Kl-l))'

Modified Encoding Method

Step 1) Initializing to get pgo=pg,1 = - =Pg,1~K;~1) =0
Step 2) Storing to get py = Hg ;,m
Step 3)
Temp = 0;
ForO=i<M;
ForO=j<qg
Pz Gaprd < Pz aprty D PEGage)
ForO0=k<Fz
f((i-gp+) =0 gg+ap+1)
Pigptj-Temp = PEi-gpej
Else
Temp < (Temp + 1)
End
End
End

The Meodified Encoding Method can generate ‘c,”and ‘c;’
simultaneously.

Accordingly, when a transmitting end generates and trans-
mits additional parity bits, after transmitting ‘c,’, it is suffi-
cient for the transmitting to additionally transmit only
Prapyg; 00170, 1, ..o, (Fp=1),3=0, 1, ..., (M;-1)in ‘¢,
without having to again generate the whole ‘c’.

Generally, when a system does not apply an additional
parity technique, the Example of Encoding Method is effi-
cient and, when the system applies the additional parity tech-
nique, the Modified Encoding Method is efficient. Therefore,
it is desirable to determine the encoding method according to
whether or not the additional parity technique is applied.

FIG. 5 is a flowchart illustrating a channel encoding
method in a communication/broadcasting system using an
LDPC code according to an embodiment of the present inven-
tion.

Referring to FIG. 5, in step 500, a transmitter determines
whether to apply an additional parity technique. Here, the
determination criterion can be different according to a real-
ization situation or channel state, or can be previously set.

When applying the additional parity technique, in step 510,
the transmitter generates a 2nd parity-check matrix from a 1st
parity-check matrix.

Step 510 may be repeatedly performed several times. For
example, the transmitter can generate a 3rd parity-check
matrix using a 2nd parity-check matrix and, likewise, can
generate an Nth parity-check matrix using an (N-1)th parity-
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check matrix. Further, if the transmitter has already stored the
2nd, 3rd, . . ., Nth parity-check matrixes using a memory, step
510 may be omitted.

In step 520, the transmitter performs encoding using the
generated 2nd parity-check matrix. When the transmitter has
generated the Nth parity-check matrix as above, it is also
possible to perform encoding using the Nth parity-check
matrix.

In step 530, the transmitter modulates and transmits a
codeword corresponding to the 1st parity-check matrix. If the
transmitter generates the Nth parity-check matrix in step 510,
the transmitter may separately transmit each of additional
parity bits generated sequentially up to the Nth parity-check
matrix.

As described above, the transmitter may separately trans-
mit the additional parity bits in time, but may also separately
transmit in space or in frequency. For example, in step 540,
the transmitter may separately transmit the additional parity
bits through a different frame or a different region of a specific
transmission duration transmitted at an equal time, or may
transmit through a different frequency band.

If it is determined in step 500 that the transmitter will not
apply the additional parity technique, in step 550, the trans-
mitter performs encoding using the 1st parity-check matrix.
In step 560, the transmitter then modulates and transmits a
codeword corresponding to the 1st parity-check matrix.

FIG. 6 is a flowchart illustrating a channel decoding
method in a communication/broadcasting system using an
LDPC code according to an embodiment of the present inven-
tion.

Referring to FIG. 6, in step 600, a receiver receives an
encoding information bit and, in step 602, performs LDPC
decoding using a 1st parity-check matrix.

If the receiver determines that there is no LDPC decoding
error in step 604, the method returns to step 600, such that the
receiver can continuously receive an encoding information
bit and then re-perform LDPC decoding using the 1st parity-
check matrix in step 602.

However, the receiver determines that there is an LDPC
decoding error in step 604, in step 606, and the receiver sends
arequest for transmission of additional parity to a transmitter,
receives additional parity bits from the transmitter, and gen-
erates a 2nd parity-check matrix using the received additional
parity bits.

Alternatively, the receiver may already have stored or gen-
erated the 1st parity-check matrix and the 2nd parity-check
matrix. In this case, the receiver may then determine addi-
tional parity bits using the 1st and 2nd parity-check matrixes
stored or generated in the receiver, without requesting and
receiving the additional parity bits. Further, irrespective of the
request from the receiver, the transmitter may transmit the
additional parity bits to the receiver, and the receiver may
store the additional parity bits transmitted from the transmit-
ter and use, if there occurs a decoding error, the stored addi-
tional parity bits without a separate request.

In step 608, the receiver performs LDPC decoding using
the 2nd parity-check matrix, which is an extension of the 1st
parity-check matrix.

Although not illustrated separately, when a receiver of
excellent decoding performance in which performance is not
deteriorated, even when decoding is performed using an
extended Nth parity-check matrix, rather than the 1st parity-
check matrix, the receiver can omit steps 602, 604, and 606
and just perform the decoding using the Nth parity-check
matrix.

The Nth parity-check matrix may be acquired from the
transmitter or may be previously stored in the receiver.
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In this case, the transmitter suitably encodes and transmits
using the Nth parity-check matrix, or the transmitter encodes
using a 1st parity-check matrix and, separately or together
with encoded data, transmits additional parity bits generated
sequentially up to the Nth parity-check matrix.

Also, even when transmitted data or content require high
decoding performance as premium data or content, the
receiver can omit steps 602, 604, and 606 and just perform
decoding using an Nth parity-check matrix. That is, when the
transmitter encodes and transmits the data or content as the
premium data or content using the Nth parity-check matrix, or
when the transmitter performs encoding using a 1st parity-
check matrix and transmits, separately or together with
encoded data, additional parity bits generated sequentially up
to the Nth parity-check matrix, the receiver can omit steps
602, 604, and 606 and just perform the decoding using the Nth
parity-check matrix or perform the decoding using the addi-
tional parity bits generated sequentially up to the Nth parity-
check matrix.

FIG. 7 illustrates a transmitter according to an embodiment
of the present invention.

Referring to FIG. 7, the transmitter includes an LDPC
encoder 700, a transmitter 702, a parity-check matrix pro-
vider 704, and a controller 706. The LDPC encoder 700
performs LDPC encoding using a 1st parity-check matrix or
2nd parity-check matrix provided from the parity-check
matrix provider 704. For example, LDPC encoder 700
receives an input information signal ‘m=(m,,m,, . ..,m, ),
and outputs a codeword ‘c’ meeting ‘H-c’=0" for a parity-
check matrix ‘H’.

The parity-check matrix provider 704 provides a suitable
parity-check matrix to the LDPC encoder 700 according to
the determination of the controller 706 as to whether to apply
an additional parity technique.

The parity-check matrix provider 704 can either generate a
2nd parity-check matrix through a 1st parity-check matrix or
store the 1st and 2nd parity-check matrixes, and provides the
1st parity-check matrix or 2nd parity-check matrix to the
LDPC encoder 700 according to the determination of the
controller 706.

The parity-check matrix provider 704 can provide addi-
tional parity bits generated sequentially up to an Nth parity-
check matrix, to the LDPC encoder 700 or the transmitter
702.

When the parity-check matrix provider 704 simulta-
neously provides the 1st or 2nd parity-check matrix and the
generated additional parity bits to the LDPC encoder 700, the
LDPC encoder 700 provides the received 1st or 2nd parity-
check matrix, a codeword generated through an information
bit, and the additional parity bits, to the transmitter 702.

The additional parity bits may be arranged and encoded in
a different frame or a different region within the same frame.
Although not illustrated, the additional parity bits may be
provided directly to the transmitter 702.

The transmitter 702 modulates an encoded bit received
from the LDPC encoder 700 and then, frequency-up converts
a baseband signal into a Radio Frequency (RF) signal and
transmits the RF signal through an antenna.

When the transmitter 702 is provided with additional parity
bits from the parity-check matrix provider 704, the transmit-
ter 702 can transmit the additional parity bits through a dif-
ferent frequency band, a different time, or a different frame.

FIG. 8 illustrates a receiver according to an embodiment of
the present invention.

Referring to FIG. 8, the receiver includes a receiver 800, an
LDPC decoder 802, a feedback unit 804, and a parity-check
matrix provider 806.

30

40

45

55

12

The receiver 800 frequency-down converts a Radio Fre-
quency (RF) signal received through an antenna into a base-
band signal and demodulates the baseband signal.

When additional parity bits have been transmitted through
a different frequency band, a different time, or a different
frame, the receiver 800 can separately separate the additional
parity bits and provide the additional parity bits to the LDPC
decoder 802.

The LDPC decoder 802 performs decoding associated with
encoding performed by the LDPC encoder 700 illustrated in
FIG.7,based on a 1st parity-check matrix or 2nd parity-check
matrix provided from the parity-check matrix provider 806.

Also, the LDPC decoder 802 can perform decoding using
additional parity bits provided from the receiver 800 or the
parity-check matrix provider 806 and a parity-check matrix
provided from the parity-check matrix provider 806.

When the LDPC decoder 802 performs the decoding asso-
ciated with the encoding performed by the LDPC encoder
700, the LDPC decoder 802 informs the decoding result of the
feedback unit 804. That is, when an error occurs while decod-
ing, the LDPC decoder 802 provides a Negative ACKnowl-
edgement (NACK) signal to the feedback unit 804 and, when
normal processing is performed at the time of decoding, the
LDPC decoder 802 provides an ACKnowledgement (ACK)
signal to the feedback unit 804.

The feedback unit 804 transmits an ACK/NACK signal to
a transmitter. When reverse transmission is impossible, as in
many broadcasting standards, the feedback unit 804 may not
be an essential element.

The parity-check matrix provider 806 can either generate a
2nd parity-check matrix through a 1st parity-check matrix or
store the 1st and 2nd parity-check matrixes, and provides the
1st or 2nd parity-check matrix to the LDPC decoder 802.

The parity-check matrix provider 806 can provide addi-
tional parity bits generated sequentially up to an Nth parity-
check matrix, to the LDPC decoder 802.

When the parity-check matrix provider 806 simulta-
neously provides the 1st parity-check matrix or 2nd parity-
check matrix and the generated additional parity bits to the
LDPC decoder 802, the LDPC decoder 802 performs decod-
ing using the additional parity bits and the parity-check
matrix.

When the additional parity bits are arranged and encoded
in a different frame or a different region within the same
frame, but are not separately provided from the parity-check
matrix provider 806, the additional parity bits can be acquired
from the receiver 800 or the LDPC decoder 802.

As described above, the various embodiments of the
present invention can efficiently support a multiple code rate
or a multiple codeword, by modifying a parity-check matrix
of a parity-check code or LDPC code and using additional
parity-check bits in a communication/broadcasting system
using the parity-check code or LDPC code. Consequently, an
encoding/decoding complexity is reduced, and a decoding
convergence speed increased, thereby improving perfor-
mance.

While the present invention has been shown and described
with reference to certain embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the present invention as defined by the
appended claims and their equivalents.
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What is claimed is:

1. A transmission method of a transmitter in a communi-
cation and broadcasting system, the method comprising:

performing Low Density Parity Check (LDPC) encoding

using a second parity-check matrix generated from a
first parity-check matrix;

modulating a codeword corresponding to the first parity-

check matrix;

transmitting the modulated codeword; and

transmitting additional parity bits, separately from the

modulated codeword in time, space, or frequency,
among parity bits generated by the second parity-check
matrix.

2. The method of claim 1, wherein performing the LDPC
encoding comprises:

receiving an input information signal ‘m=(mym,, . . .,

m,.;)’; and

outputting a codeword ‘c’,

where ‘¢’ satisfies “H-c”=0’ for a parity-check matrix ‘H’.

3. The method of claim 1, wherein generating the second
parity-check matrix comprises:

previously storing the first parity-check matrix and the

second parity-check matrix; and

retrieving the second parity-check matrix from the previ-

ously stored parity-check matrixes.

4. The method of claim 1, wherein generating the second
parity-check matrix comprises:

selecting at least one parity check equation corresponding

to a parity check equation in the first parity-check
matrix;

separating each of the selected at least one parity check

equation into at least two parity check equations; and
generating the second parity-check matrix by arranging the
separated parity check equations.

5. A reception method of a receiver ina communication and
broadcasting system, the method comprising:

detecting an error in Low Density Parity Check (LDPC)

decoding for a received codeword using a parity-check
matrix;

receiving additional parity bits among parity bits generated

by a second parity-check matrix with the codeword, the
additional parity bits being received separately from the
codeword in time, space or frequency;

generating the second parity-check matrix from the first

parity-check matrix and the additional parity bits; and
performing the LDPC decoding for the codeword using the
second parity-check matrix.

6. The method of claim 5, wherein the first parity-check
matrix is a matrix acquired from a transmitter or is a matrix
previously stored in the receiver.

7. The method of claim 5, wherein the second parity-check
matrix is generated using the first parity-check matrix by:

selecting at least one parity check equation corresponding

to a parity check equation in the first parity-check
matrix;

separating the selected at least one parity check equation

into at least two parity check equations, respectively;
and

generating the second parity-check matrix by arranging the

separated parity check equations.
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8. An apparatus for transmitting in a communication and
broadcasting system, the apparatus comprising:

a parity-check matrix provider for generating a second

parity-check matrix from a first parity-check matrix;

a Low Density Parity Check (LDPC) encoder for perform-
ing LDPC encoding using the second parity-check
matrix; and

a transmitter for modulating a codeword corresponding to
the first parity-check matrix, transmitting the modulated
codeword, and transmitting additional parity bits, sepa-
rately from the modulated codeword in time, space, or
frequency, among parity bits generated by the second
parity-check matrix.

9. The apparatus of claim 8, wherein the LDPC encoder
receives an input information signal ‘m=(mg,m,, . . . ,m,;)’;
and outputs a codeword ‘c’,

where ‘¢’ satisfies ‘H-c”=0’ for a parity-check matrix ‘H’.

10. The apparatus of claim 8, wherein the transmitter pre-
viously stores the first parity-check matrix and the second
parity-check matrix, the parity-check matrix provider
retrieves the second parity-check matrix from the previously
stored parity-check matrixes.

11. The apparatus of claim 8, wherein the parity-check
matrix provider generates the second parity-check matrix by:

selecting at least one parity check equation corresponding
to a parity check equation in the first parity-check
matrix,

separating each of the selected at least one parity check
equation into at least two parity check equations, and

generating the second pariy-check matrix by arranging the
separated parity check equations.

12. An apparatus for receiving in a communication and

broadcasting system, the apparatus comprising:

a receiving unit for receiving a codeword, and receiving
additional parity bits among parity bits generated by a
second parity-check matrix with the codeword, the addi-
tional parity bits being received separately from the
codeword in time, space or frequency;

a parity-check matrix provider for generating the second
parity-check matrix from a first parity-check matrix and
the additional parity bits, when there is a Low Density
Parity Check (LDPC) decoding error for the codeword;
and

an LDPC decoder for performing LDPC decoding for the
codeword using the first parity-check matrix or perform-
ing LDPC decoding for the codeword using the second
parity-check matrix.

13. The apparatus of claim 12, wherein the first parity-
check matrix is acquired from a transmitter or is previously
stored in the receiver.

14. The apparatus of claim 12, wherein the parity-check
matrix provider generates the second parity-check matrix
using the first parity-check matrix by;

selecting at least one parity check equation corresponding
to a parity check equation in the first parity-check
matrix,

separating each of the selected at least one parity check
equation into at least two parity check equations, and

generating the second parity-check matrix by arranging the
separated parity check equations.
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